Introduction
The cavity flood system is designed to be the primary safeguard for the integrity of the blanket modules and target assemblies during loss of coolant accidents, LOCA'S. In the unlikely event that the internal flow passages in a blanket module or a target assembly dryout, decay heat in the metal structures will be dissipated to the cavity flood system through the module or assembly walls. References [1] and [2] document studies that demonstrated that the cavity flood system could adequately cool the lateral, downstream and top row 1 modules. This study supplements the two previous studies by demonstrating that the cavity flood system can adequately cool the blanket modules when the cavity vessel beam window breaks. if the cavity vessel beam window breaks prior to or during the cavity flood process, the time required for the lateral and top blanket modules to be covered by the fluid will be delayed by the diversion of cavity flood fluid into the beam passage. In view of this delay, transient thermal conduction models of row 1 plates in the front and back lateral modules, the down stream module, and the front top module were developed to demonstrate that the cavity flood system can adequately cool the blanket modules.
Problem Description
The cavity flood system protects the integrity of the target and blanket in the event of an accident that leaves either system partially or wholly internally dry. The cavity vessel is flooded with water that cools the outer surfaces of the blanket modules. Simultaneous with an accident that drains a blanket module, the beam window is assumed to break. The entire aperture is assumed to be available for flow out of the cavity vessel. Filling the last section of the beam passage where the beam is rastered delays the covering of the blanket modules. Considering a single plate for the lateral and downstream modules substantially reduces the size and complexity of the numerical model, and since thermal conduction with adjacent plates is neglected, this will be bounding for the hot plate in a module. When a module is internally dry, the heat transfer between adjacent plates will essentially be confined to thermal conduction through the thin
aluminum flow-channel walls; and although there can be a large difference in deposited power between ends of a module, the deposited power difference between adjacent plates is small. In view of the good path for thermal conduction in the lateral direction towards the cooled module wall, heat transfer between adjacent plates is negligible. For the sake of expediency, the plate design used in the original draft of the PSAR [4] was stretched to the dimensions of the 7.5" design. The decay power in a module varies both temporally and spatially. It drops off very steeply after beam shutdown to approximately one percent after ten seconds. Thereafter the decay is much slower. The power decay is included in the model. The vertical relative power density distribution for the downstream module is shown in Fig. 3 . The power density distributions for the other two modules are similar. Figure 4 shows the horizontal lengthwise power density distributions for plates in the three modules. Both vertical and horizontal power density distributions are incorporated in the plate models. The power density distribution in the horizontal direction normal to the stacked plates is accounted for by modelling either the hot plate or the mean power plate in a module. Table 1 shows the mean and hot plate powers for the lateral and downstream modules. boundaries are adiabatic surfaces. The decoupler is below the module, and the row 2 module is above, The left side of the grid is the left vertical exterior surface of the module that is exposed to the cavity flood fluid. The cavity flood fluid, which is assumed to be at the local saturation temperature, connectively cools this surface. There is assumed to be a one roil. air-filled gap between the lead and the aluminum. The temperature distribution shown in Fig. 6 is the distribution at the high power end of the module at the time that the highest peak temperature occurs.
In the HEATEL model, all of the decay power is assumed to be generated in the lead, and it varies both spatially and temporally. The power source terms are based on physics calculations for 1700 MeV protons with a beam current of 100 mA, [5]. The spatial power distribution varies in the beamwise direction and in the vertical direction. The decay curve is a function of elapsed time from beam shutdown. The steady-state operating power for half of the front row 1 module is 144.5 kW. This power drops precipitously when beam shutdown occurs. Within ten seconds the power will have dropped below one percent of the steady-state value. The decay curve is shown in Fig. 7. Figure 8 shows the axial power density distribution for the front top horizontal row 1 module. The axial distance is measured from the rear of the module, where the peak power density occurs. The module power density is a minimum at the front of the module. Figure 9 shows the vertical steady-state axial averaged power density variation for the lead in the top modules. The vertical dimension is measured from the bottom of the row 1 module, and the row 1 module spans the distance from 0.0 to 19.04 cm. Note that the vertical ordinate of the plot is the natural logarithm of the power density. In HEATEL this curve is normalized to the mean power density, so it determines the vertical spatial distribution of the relative power density. Elapsed time from beam shutdown (hr) 
Results and Discussion
Figures 10 through 12 show the transient peak metal temperatures for the hot plate and the mean power plate in the downstream and front and back lateral modules respectively. The downstream module has the highest mean power density and also the highest power plate in the blanket. The highest peak metal temperature in the hot plate is 158.6"C, and in the mean power plate it is 151 .7"C. The peak metal temperature in the hot plate remains above the 150"C long term temperature limit for approximately 8.3 hours, and for approximately 1.6 hours in the mean power plate. The highest peak metal temperature of the hot plate in the front lateral row 1 module is 150.5"C, and the peak temperatures in the mean power plate remain below the 150"C temperature limit. The highest peak metal temperature of the hot plate in the back lateral row 1 module is 154.0°C, and 149.3°C for the mean power plate. 
